S29 50 Ulo
OM. " ‘) fi&}{. |e5l.c Om‘é 4.1.7&0‘
VA-YA AFAY 5l sl o)loss coid 090

Joel owyp S M9

AVA/S o by AVAINE ot g 3 Mol b 33

" o0198 darw 578 ¢ ol oo 57D

AUV 0 ool Cagr oy i 4 i Loyl AUF/IR tdllao cdb 5o

5 Sl slas o ool (ol jlissass e menilSe tJsho 0uds (s yaelin Sye b sl idue g dine)
Ol s ol 355 (5o o 5l alisee (glas o 4 oo S5gl 5o LS g s Sehsl sl cas S3slsil
2 Jglite Lo by, 05 se oolitul alizee (slois, 5l j5mml (o) 6l 00,5 (00 5l 5 )00 4 j5e5 Cuaglie
3 S yoginmgld g TUNEL g, DNA (5L 665! 639198590 Ol yanks o mmmepnsS 95 5lms (om0 331 035 )Lie 95090
5 5 0,50 GLedbl 5 55251 o0t clall oole cmale ¢ Jolow w4y (g, sl Gegl (o slogts,
el 4385 18 Con 090 9g] (o SlaUBg) S 90 Alie (l y0 0l (S (ST slacusgace
DNA )y gnliiaS1 2 (6 yiogimnglt « Joho S pa G5 goadS slaojlg

°~5~>

Al 50 goasie gloJsSUse 16387911 (5o yuano -
Lo s Gisuslon clodsss Sopm ais 25,0 S5l
S e g ok €9 4 (S (Si5ual 5T sloyeSl jle
ay aly s b (2 e Gl (Lol s 9900
@by g s L (A e 9 S e slvoni 5
[es] sl
i ouds sl 5953937 b 595987 (o255 ymamno —1-)
Lo slow cdel ploudly slié 1028 5 (lbouspus
sbacl (510 loons n5 0,00 029 5,0 slrous S
Tumor ) ;5 o5 633 59,55 ,55L8 60,5 solgl = ol
oo ,S cplaS Jbej .awil oo (TNF) (Necrosis Factor
it s s g S5 st (slaS bags
3575 00lgil pl (al (Shas 90,5 o0 syl Sl 5 baslonls
i el sl S i 5 s 2 I
4>l ol Jlg hls 95 (codlgion (25u 50 o S
el Js! o g, ol 5l 9 004y [Death Domain (DD)] 5 .

dodio

Lo @ VAVY Jlo o b ol 6l 552l o3

Sigdn i S e ciog g (Kerm) 55 ply i
59555 51 ol s 9 (S350 590 Sl olol 2 (Jgloo
534S Sl Jshos Su3elon b S o semal [N 0t (3 e
Lol eays o] e B gk Bl o g Lyl )l
Lol 5958 (L jLiwgesd 5 JolSS sl 5 398 0 e s
T sla s Bi> 555 (BL s5log g paey 50 j5al
WSy ol e IS 4 Y] )l i 5 STy 055
S o ol 3l b Wl e a5 [¥] 05 o (g jlen 42 e
Ly Sl o sladsho 03 5 sbml (c290) 5 039 (Job
erb e iolidl LS [F] 08 8 i) g5 Y
sl g gligegp WS Ll plags le )3 Joke S e
= SlaS iS4 s 90 Wlie (pl 5o lol Sy sa o

Dgds g0 ANy 9b gl o) 2

Olaal; u{"f— r)lﬁ eli.i}}b ‘u-i':‘)i 0 US> ‘&tjbu,«.&}c; LS"'J)AT ej)? JL:.ii\ﬁ (d)}w«l o.L...a}J) -\
hashemim@zdmu.ac.ir : S5 oS0 oy ¢ 0FA-YFY A5A ;S5 < AF\-YFEYAAY 2l

NHly Lgnila a\i.ﬁ&\: ‘\.g.;.‘.‘.vj}wit):.v &flj)ﬁTonfgul;QL}aw—Y



J5m) ey, VY

G bagi € pg,S i dy (6,08 gie sline (5 3y 3985
e Signsl sl s Sisnglsn slaahuly oo
91 LU (ygemlo 985S 5l s S3sasys
(Voltage Dependent Anion Channel) 5L-Jg au anly
&09»9.:19}: sl sSge o Cas [v] as JVRreN|
51 Bax, Bel-2, Bel-xl) S_igugl ol sla,sst L
e Ol lnl a8 oo (5 1) LT Sy 1
£95S s Oliee « sl (5T 5 Ssslsn slealaly
25 IS (o et po3s] eSS sl |y s jo
oo ST L eyl as) Sy vl S e s
s (& y9—S 5ie 3l Omi/HTRA-2 3 SMAC/DIABLO
Jlesl 0,5 s Lo )es o] idi 0,8 0 Ojg0
5 cIAP2TIAP] 8 ;| AP) 530! slasa S e
s Sosloct e bas V- IS o [V Y] wsl e XIAP

Ll 00l o0lo UL....: )5_\;5.’] L9~>)L:> 9 L,;1:’>‘.>

Death Receptor Pathway

(Extrinsic)
TRAIL-L FAS L
(Apo-2) TNF-L {Apo-1/CD-95)
(] (2]

TRAIL-R1 (DR 4) TNFR1

S IV ales e w88 Jslw 0950 4o 355
s5lol Loty (6,05 )L 5 00 S gl o 5
FADD/Mortl J—3 3| joulol sla puiis s 00,5 s
(DD) &, » a>L l,ls (Fas-Associated Death Domain)
~S e &b S (e Bkl (oDl g 0035 (e
b )3 By ol ez 905 Jate Spe Al
(DED) «35 o35 4> glls J_wi-N
alis DED 4>t b a5 a0 Death Effector Domain
Gk (nl &S oo 25 le) 0 g ASLeslS (resg o
s o J Ve g ALl Ve g ALl
oo JLad o (V¢ g A-slaslsls) 55T slajlonls
IA-a] w9 o (V 5 8 Y — slaslewls) ol slajlewls
39559 91T (b0 P pmo b (513 pao— Y-
56 ps S s Seyml (A pe b (2l )i s s
Ol3T M g S50 4 (508 g cli g0 o (slad
Jusd s gzl [V 0] 05 g sloml pgistynl 5 00,8
Ot JId o JUa8 A 5Ll g 098 0 A-5LlS (ud

Mitochondrial Pathway
(Intrinsic)

DNA Damage

TRAIL-R2 (DR5)
DISC v
TRADD CFABE >
i

Methylation

_____ &-

~

. | CASPASE 3.6.7
—

-t
ﬂ ER

Laminin

l

| DNAase | I Actin |
DNA DNA
Fragmentation Budding

Chromatin
Condensation

YY) Sgge T A1 9 ASLS (SIS oo — 1 JIC5

AYAY Jle o o led Vo0y 90

Bl y (K3 p ke olKls Alors



YY

@\ﬁ%ﬁf)j&hwﬁf:

lae il 5 b (SomamnS o g (o) =¥ -1-Y
1 aS Il s cenl i 3eis LacSs, 4 00,0 sla sl
shole s el 2LSs ) 4 (Jobo slas o) sl Jobo
03,0 3l oaiy sl Jokw plei slp a cuwl S, aes
3 03 sladsla 39,00 )5 4 (5 95 95y See Langs
03 sladsbo ao)s s o] K 4 58 Son
428 Ghy) oml wedioe dloe gt oY sl esliul b
S sladiges slp g oog 25y Lol conl ady0 4 (495
W9 )0 (Sslsd g et 16 T9lg8 90 Ol pudi-Y-Y
(ilasyS @515 sl ad Sy sl aile Sens]
S Sgugl plas! LSis g atun o d 4_akd 4_alab
oS a5 So5eded e b3l LY+ ] (Apoptotiv body)
OlymosS ey S 0 Jobs S o Slalllas (o
Sl 55 g o 41 53 Simm slodshs (So35)59 )50
Ol ogdle (il ol L (6555 ¢S99, SUl 0 9Sng S0)
2o 5lee 4 5l Sismal sladshe 3590 sl
S (S3e098 )90 Dl i (g N o gSung a1 -V -Y
sl Sgliie 59,55 L 09 e bl Sgiyl sle sk 5
L Sosuml sladsbo 5o (Saislshise Sl b Gl
S lailiwl s gy ol ol cdsline Sg SISy S

S59988y 50 Dyt el 59,55 31 el les sl (O

BLT )y 5 o095 Sisum! sladsbe ;o solais
55 evmlive (g o (9 Sy e L a5 w8l oo
(Y JSM)

=B

Lrwgi ol odlico (559 9 7J}L« &G /99150 O i -1 SO
o Sisiar T ol B (e b A . 9 5T 29T 50
1] 844 0 o lio OT 33 DNA s guslicans™ 46

2)ls gy bl s nnl ) g (A5 oo o
Bid youd ainSs o (L3 s ;0 A-LlS als Jled
S5 51 € py S g s ol csly Cules o o5 0ad
Sesls S a5 - 5Lals VY] 05 e pgisyl JuSias
IVE] g oo A= sLesls oty Jlad oo ol 2],

O3S 5 sl 5l JEs s S lagailSe
S5yl 0aiiS sl 55T alnuly s peanilSo Cypl ans] 005
Aol oo Lo pn S g Lo JLS G 5lelS 590l (AIF)
Ivaol

5 sl hiw Sz Dgiml owop G bs, Y
Sy slie ;o (g09te slaby) o] paecilSs (o)
5 =hb Girunl cledsbe aloridnn 5 Suislsd 50
48,5 Sl 50 el &5 SIS G eten load (B yee
&35 iy seum Glomiw ST s po Sl 09l
e a3 )50 o0iiST Wl (CBL b Joboo (55,) anlllan
el pop elaitl g Cunlus )5l g (o) 2 0590
el Gromin 850 bl cdale b Jslo slass sl

(SS9 g (o) =)=
S e Ol Ghgy ol b el gl cwyp 0 P8 oyl
led an L8 (hg) (ml oS o 18 L)l 9550 (Jobes
S8 S g (y L e 59,50 51 o]
o lior Caws @ aals 09,5 4 i 00,0 b ot slaJsbo
I MTT (g oSS g oy 2 Joloio (09 9
el bl 5 (5500155

S 95 g (o) 32 = V-1
:(3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H) MTT

0?9l esliiwl L (o

Lvg oS conl O jo Jolme 093l 5 55 0,5 Ses MTT
5 0955 sloasbow slas,0uS s U5 000 SlwnS g
oo Jslmals (lileys8 (55, oS 5 a5 sl
S5 sad g aiS o JT P LS5, ol o 09 e
o 0355 sl Jsk Olime b comlifie 2agls BV g3 o
3Ly slmasiyes sl 5 Gyl e Ubsy o=l 118141

YAV Jle o o)La.S % 69>

Ow)é&ﬂf}bo@\:w



sl 2By VE

L1y st sladslw olss e 93 e Jate (i
L 5 et oliysisls L (55 o5y S
25 Gllid (cordgiunpgige|

95 S e ol (placasga e TUNEL o,
Sz 1y Gy oml b ol yob 4 il olnl
VA sga> ,o TUNEL g, [Y0-Y#] aas o 1,5 50
So ey ol opdle 4 V-] was o LIS e gl v e
oS Sl L5 [YV] s 9001 colast i,
L oo S59,55 ladshe 5 (Jsho S0 £95 12 ool DNA
lacgsgamme opl i, de [YA] sos oo coite Clga aite ol
oSaal Gl B9y 0l b0l o laa e 39y 0!
oo TUNEL (sl Jobo s cen b |y (AD) (55552521
bee j3 gy o=l Sl egdle 408 alore Lo sl IS &
Slacdl 5 (piSw 39,8 <8l onir ook woiS
oolaiwl e oo Sl )l slaSoly jo ydle,d L ooad ool
o Slr Jsd JB Gog) TUNEL by, ggmme ;05,5
Lo e, b aS Syge ,o cwlinvitro gin situ 1>y

«In Situ End-Labeling Technique) ISEL g, -Y-Y-Y
wlyl o) Ko s Wijsman lawgs VY Jlu j0 45 g, ol
ol 53wl TUNEL oo 2ol g, adly ,o [V s
3% 0,8 ke glm 15l —arls DNASITAT sl 4 s,
gy diilen 09 oo oolaiwl ouls 4SS DNA ;o OH
L DIG 59— Ly dUTP 55 3, ! ,» TUNEL
Sz b Slegil (s 5ol a5 5,5 e (s 559k
3 ey ol b RBON) oy sladiges 8590 50
75 S8 901 (68 Cgsle TUNEL (35, L avlia
el

Syl gleda suie JIDNA JSloo y ge—SII-Y-Y-Y
s (05555 55 (et S S5 S5l a5
S iz Yer B VAL lelad bl 4y joxie 4 Ln LS sig0l]
O35 Lo Jobow SIDNA 39, ()0 (T JS5) 09500
9 5585 2SI 59,5 T 5 55 G 5 Pl (8L

\)H‘;A oo lis )s_uy] _\_.4‘)3 g DNA ‘Sul_n))) 655”

Sl pla g (polatsl by, (9 Sl gSn S
425051,8 DNA (55015, aziliz 5 ol S5l (arsets
S yidis 3l Gl 0,5 50 TUNEL s, L
5 65080 (S8 sk g, nl 5o (EM-TUNEL)
o3ls S5 sl poe See Ly g 5 008 il juno
SoBO S Sl 4 (S9Sl eSg S B 098 o
ol I ] ccil aiiils ol saus Uijgel Laastie o
55 s Sl e o9, S plsie 4 (b 0l
o 9 039 S By gy (nl 05 o0 518 eoliial 5)9e
DYyl el Ui obj sladiges

P9y S bl yold 9 (5)9 DgSwg Sro-T-Y-¥
2 Sl plazl s ouileg S o515 Gl 55
) (HEE) (5531 GalenS 5los b oud (55001555 (sla sk
@lolid Gl (o5 (DUl5 6598 9%y e 2,5 oanline
w35l poreysn b anes ST s o)l Ssual gla sl
Sl lad 59,5551 Seuml ledise 355 el S, D)
LS, Jlols 5ty £ ol gl sSg s
DAPI 5 ¥YYOA- a9 b 5| ilns 5l gl
Ol glm ol oo @',6-diamidino-2-phenylindole)
(il yols Cools s 4 eSS, ol 0,8 esliiul glaies
S39198 )90 At S S yold 0 5Sng Se Slalllas o
aslad asbad g (p2ilag)S 051,5) Siemml slashe axes
IVY-vy] sgi so oolisl ()] (s

DNA ygumsliciaST -~

Terminal deoxynucleotidyl ) TUNEL  gig,-\-Y-Y
4L odgl (TUNEL) LG s, (transferase-dUTP nick
IVEl o e o Ken 5 Gavrieli dawgs 122Y Jlo o
3590 I SIU > 55551 () (Sl 00 1Syl &y Cen (]
Jlasl slawe o () ol bl o857 1,3 eoli ]
e (TAT) ol sl hoagdstlfss (ouSls olans|
w255 ) sl 00— 4ala8 DNA s 3250 3'-OH (slyl
Biotin-dUTP, DIG-) Jlules sbaosisilSss ols 1,8 o
DNA ¢S J—20 ,o (dUTP,  Fluorescein-dUTP
as 4 oS U jlalas pasgl 5l eolaul b .ogd o

AYAY Jle o o led Vo0y 90

Bl y (K3 p ke olKls Alors



Yo

o8 a8 g adila e S

5 S oz O (b o5 el (239, (s essls
Glyze 30 il ysld Jlaslis sole jeax jo b sl 31 o>
S Gyl 5 Gl Lyl g 9555 o0 )8 olSws lgs
ablw i il sld Jlaila sole go5 bl 5 05g oo
Slgi oo 1) (05 598w (Olojen job dy Sleagliwld Sel oo
JL:JQ LY L_¢>91'> 6&00‘0 el P S0 u.».oS n.\JLoJ u.u
Syg—s a5 plaiall 0ed oo GBS 618 e B3l
Side ) ilz il o5l e le 05,8 o 13 o)l
i g (Forward Scattering) gwiw—s il o scattering
03— p...a.u..._‘o wl)_» )5_; B J&U ‘)}uy] ..\4'5) o ]
55sl ey el Jshoo (s STy e 4y 45 09 s
& 90 (Annexin-V/PI) a5l5 s s 5ual S5, 5l eolaiwl b
SllwgSg il (s Pigld ooliitnl 8590 p9,5'5,53518 2 115 o
39« DNA sola 5| S, a5 (PD) wla| 9, 9
28,5 o 2l g <o (FL3) 0,6 L (FL2) 50,8 JUlS
e S | (Sla Pl S ol mlS 29>
5 Laol amish o920 5 (Jobow o3l sgas (ni gz
O3 > FLI1 (Annexin V) / FL2 (PI) govs (i
5l o, le a5 (F JSK8) a8 le> (Quadrant) &l ye
PI) (5595 slo ol :(Upper-left) .= JL3g5
(Annexin V7/
(Annexin V7/ o355 slo ol :(lower-left) o> glixs o
PI)
&i—u5! sla sl «(Upper-right) o wl, JLiss e
(Annxin V7/PI) 55,5 b O
aJgl G5um! slo sl (Lower-right) cul, Sbos e
(Annexin V'/PT")
205 dwlxe S @ NIV T-Y FRUSSI U VESV- SR VSR
R Sl Ole e s egighd )l 1 opdle
Bax slayis gy Cundy 0,5 ooliiul j5un ] punilse
lice Jusily Cossg DNA - ol aslad aslad ¢ Jolo

o VXY gLl o JLsd w2 050 gire

39 g a8l o 3Lisl DNA ol oSl ¢39,56 0 LYYy ]
ol Cadgame [V -] 598 o 00s ool & g0 4 39,5T
YL e 4 SLo s 658l svaline (gl oS Sl (ol (g
S oy ySE by S5 ol Jg el L5 DNA
O3 sk (Jobs Lo, 5l (S o IYY] s
Olple 025 oo )30 DNA (cog558lS 53 ( (gemlinaS8
M) 59555 s eed DNA (Sl 5 6950 (o) b add

ol ples )5,09;]

Histone

\

<4—— Nucleosome

Linker DNA

st T wisy 0 DNA b3y (56 -1 S

Slgel Lo cnl 2 g cnl ool 16 o g gl8-F Y

44 o Jiasiland Geugl adsl Jolpe (b o a5 cul
B A 4 90 Sgzg slid (IS das o oaeb j5b
o315 ST s oy o ol o 83 e Jii sl
St ot JLb L 5 ATP 4 iy i) ol
)8 .0l o (Scramblase) ol Sl b 51 500 sou 3]
i Jokw slae > )5 &Y o e Joslens 288
5 Lasly Slo gy Sigml glodsho & conl (xlo
00l yastios Ngh diwsS B g olulid jolxe sl Jglu
039 Shls g golanil s psig py S AT VSTl S C]
YL Joles b oS 58 55 Conl gilloghs YO (JoSdse
Oan ol 59595 5l g 9gbie Jale (e hosland 4
4 5m] (o) 50 03558yl 4 FITC (il jls S5, L

YAV Jle N O)L».z % 093

Bl y (K3 p ke olKls Aors

360 bp

180 bp



Jsml ey VS

Wy oo Sighgl Sk 10 S3elsd 00 5 abaniise
aabad axlad (opilag S s ST o Johe ol S'g2)
lsie 4 5Lals cdles LU, cnlpls (.o DNA Sa
Lopdle 4 [77] ol ke o] pleardion S)le S
5 7 Sl s s oo LslslS dlsd (o
Slosliinl L bosleals cdled gy 0,5 (2L 1 (Ll

Q)——-,:«f‘_s——ﬁ Q)H l_mu] (S@LA oy 6‘/" 3 g
DV=AVA oy re-vol

=

o S A5 S am D &S (nl Gl e anils o

et B guml Sl Gl 2l @ sy S ems]
0auS sldll ool calo o Jolow i 4y g, Sl
ezt 5 s ol Lo an a8 SLedlbl 5 5901
i) bsml G 08 (S (S5 glacgsgass
Jomily et Jobw gl 50 (o Jrailansd o o2
DNA (o aabss axkad g lojls ot Jlab g ,0iS sto
o Lo ially bl plas e (ol 6 pnlie (Ll

sleyj g (cras g c-Myc) la)55lssg sty (Jolo

Ngde 2Lyl Gigy o=l L (PRDS PS3) 5055 ,SsS s
Iv-]
5000

1000

20.5 %

—T T T T T T

Annexin¥V 1000
Gl g Ol yo  ylogiwgld (SOOI 29,5 —£ JCO

Sl 80 g cwlie by, (5 yegimgld g, ax S
s e Sl ol Sliios slaolKiolo;l el jo g

balgils 52 Lo jlowlS 1l jlewlS Cdled (5 o jlil-0-Y

3B 9 £ 53 S)gme i g S a5l g (et

Jued bl Gaml W) 5o alei oo Ll 55l 2!

u‘ijoé;Mé? LSLQ‘)""“"}“ 65)50..\..»

References

[1] Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic
biological phenomenon with wide-ranging implications in

tissue Kkinetics. Br J Cancer, 1972; 26(4): 239-57.

[2] Israels LG, Israels ED. Apoptosis. Oncologist. 1999; 4(4):

332-9.

[3] Ghavami S, Hashemi M, Kadkhoda K, Alavian SM, Bay GH,
Los M. Apoptosis in liver diseases--detection and therapeutic
applications. Med Sci Monit, 2005; 11(11): 337-45.

[4] Hashemi M, Kroczak TJ. Apoptosis and autoimmune
disease. Anti-Inflammatory and Anti-Allergy agents. Curr
Med Chem, 2005; 4: 429-37.

[S] Thompson CB. Apoptosis in the pathogenesis and treatment

of disease. Science. 1995; 267: 1456-62.

[6] Xu G, Shi Y. Apoptosis signaling pathways and lymphocyte

homeostasis. Cell Res, 2007; 17: 759-71.

[7] Hashemi M, Ghavami S, Karami-tehrani F.  Apoptosis or
programmed cell death. Tabibe-E-Shargh, Journal of
Zahedan University of Medical Sciences and Helath Services.
2003;1(5): 71-7. [Farsi]

[8] Krammer PH. CD95's deadly mission in the immune system.

Nature. 2000; 407(6805): 789-95.

[9] Walczak H, Krammer PH. The CD95 (APO-1/Fas) and the
TRAIL (APO-2L) apoptosis systems. Exp Cell Res, 2000;

256(1): 58-66.

[10] Adrain C, Martin SJ. The mitochondrial apoptosome: a
killer unleashed by the cytochrome seas. Trends Biochem Sci

20015 26(6): 390-7.

[11] Hengartner MO. The biochemistry of apoptosis. Nature.
2000; 407(6805): 770-6.
[12]Du C, Fang M, Li Y, Li L, Wang X. Smac, a mitochondrial

protein that promotes cytochrome c-dependent caspase

AYAY Jle o o led Vo0y 90

Bl y (K3 p ke olKls Alors



Yy

o8 a8 g adila e S

activation by eliminating IAP inhibition. Cell. 2000; 102(1):

33-42.

[13]Roy S, Nicholson DW. Cross-talk in cell death signaling. J
Exp Med, 2000; 192(8): 21-5.

[14]Slee EA, Harte MT, Kluck RM, Wolf BB, Casiano CA,
Newmeyer DD, et al. Ordering the cytochrome c-initiated
caspase cascade: hierarchical activation of caspases-2, -3, -6,
-7, -8, and -10 in a caspase-9-dependent manner. J Cell Biol,
1999; 144(2): 281-92.

[15] Broker LE, Kruyt FA, Giaccone G. Cell death independent
of caspases: a review. Clin Cancer Res, 2005; 11(9): 3155-62.

[16] Hashemi M, Karami Tehrani F, Ghavami S. Cytotoxicity
effect of Cladribine on the MCF-7 human breast cancer cell
line. Iranian Biomedical Journal. 2004; 8: 7-12.

[17]Hashemi M, Ghavami S, Eshraghi M, Booy EP, Los M.
Cytotoxic effects of intra and extracellular zinc chelation on
human breast cancer cells. Eur J Pharmacol, 2007; 557(1): 9-
19.

[18]Hashemi M, Karami Tehrani F, Farzami B. Caspase
dependent apoptosis induced by Cladribine in estrogen
receptor negative breast cancer cell line, MDAMB468.
Journal of Sciences Islamic Republic of Iran. 2003; 14: 303-
10.

[19] Carmichael J, Mitchell JB, DeGraff WG, Gamson J, Gazdar
AF, Johnson BE, et al. Chemosensitivity testing of human
lung cancer cell lines using the MTT assay. Br J Cancer,
1988; 57(6): 540-7.

[20] Studzinski GP. Apoptosis. A practical approach. Oxford
University Press Inc, New York, USA. 1999.

[21] White MK, Cinti C. A morphologic approach to detect
apoptosis based on electron microscopy. Methods Mol Biol
2004; 285: 105-10.

[22] Huerta S, Goulet EJ, Huerta-Yepez S, Livingston EH.
Screening and detection of apoptosis. J Surg Res, 2007;
139(1): 143-56.

[23] Hashemi M, Karami-Tehrani F, Ghavami S, Maddika S, Los
M. Adenosine and deoxyadenosine induces apoptosis in
oestrogen receptor-positive and -negative human breast
cancer cells via the intrinsic pathway. Cell Prolif, 2005;
38(5): 269-85.

[24] Gavrieli Y, Sherman Y, Ben-Sasson SA. Identification of
programmed cell death in situ via specific labeling of nuclear

DNA fragmentation. J Cell Biol, 1992; 119(3): 493-501.

[25] Charriaut-Marlangue C, Ben-Ari Y. A cautionary note on
the use of the TUNEL stain to determine apoptosis.
Neuroreport: 1995; 7(1): 61-4.

[26] Ichimura E, Fukuda T, Oyama T, Kashiwabara K, Sakurai
S, Sano T, et al. Formalin fixation by boiling: is it suitable
for the TUNEL staining? Pathol Int, 1995; 45(12): 971-2.

[27] Clarke R, Lund E, Johnson II, Pinder A. Apoptosis can be
detected in attached colonic adenocarcinoma HT29 cells
using annexin V binding, but not by TUNEL assay or sub-G0
DNA content. Cytometry. 2000; 40(3): 252.

[28] Grasl-Kraupp B, Ruttkay-Nedecky B, Koudelka H,
Bukowska K, Bursch W, Schulte-Hermann R. In situ
detection of fragmented DNA (TUNEL assay) fails to
discriminate among apoptosis, necrosis, and autolytic cell
death: A cautionary note. Hepatology. 1995; 21(5): 1465.

[29] Wijsman JH, Jonker RR, Keijzer R, van de Velde CJ,
Cornelisse CJ, van Dierendonck JH. A new method to detect
apoptosis in paraffin sections: in situ end-labeling of
fragmented DNA. J Histochem Cytochem, 1993; 41(1): 7-12.

[30] Mirakian R, Nye K, Palazzo FF, Goode AW, Hammond LJ.
Methods for detecting apoptosis in thyroid diseases. J

Immunol Methods, 2002; 265(1-2): 161-75.

[31] Zunino SJ, Singh MK, Bass J, Picker LJ. Immunodetection
of histone epitopes correlates with early stages of apoptosis
in activated human peripheral T lymphocytes. Am J Pathol,
1996; 149(2): 653-63.

[32] Darzynkiewicz Z, Bedner E, Smolewski P. Flow cytometry in
analysis of cell cycle and apoptosis. Semin Hematol, 2001;
38(2): 179-93.

[33] Kohler C, Orrenius S, Zhivotovsky B. Evaluation of caspase
activity in apoptotic cells. J Immunol Methods, 2002; 265(1-
2): 97-110.

[34] Ghavami S, Kerkhoff C, Los M, Hashemi M, Sorg C,
Karami-Tehrani F. Mechanism of apoptosis induced by
S100A8/A9 in colon cancer cell lines: the role of ROS and the
effect of metal ions. J Leukoc Biol, 2004; 76(1): 169-75.

[35] Ghavami S, Karami Tehrani F, Hashemi M, Nikoogoftar
Zarif M. Possible Involvement of a specific cell surface
receptor for calprotectin-induced apoptosis in colon
adenocarcinoma and carcinoma cell lines (SW742 and HT
29/219). Journal of Sciences, Islamic republic of Iran. 2004;
15: 3-11.

[35] Ziegler U, Groscurth P. Morphological features of apoptosis.
News Physiol Sci, 2004; 19: 124-8.

YAV Jle o o led V 0y 9

Bl y (K3 p ke olKls Aors



J5ml sy YA

Methods of Studying the Apoptosis
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Background and Objective: Apoptosis or programmed cell death is an important process for cellular homeostasis and
it can be initiated by both physiologic and pathologic stimuli. Defects in the apoptosis process may lead to serious
disease such as; autoimmune diseases, cancer, tumors drug resistance, and the acquired immunodeficiency syndrome
(AIDS). Various methods such as cytotoxicity assay, morphological evaluation, DNA laddering, TUNEL assay and
flow cytometry analysis have been used to study cellular apoptosis. The selection of particular method depends on the
cell system, the nature of cell death inducer, the information that is being sought and the technical restriction. In this
review, various methods to study apoptosis have been discussed.
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